The knowledge of the phase diagram of strongly coupled theories as function of the number of colors, flavors and matter representation plays a fundamental role when constructing viable extensions of the standard model (SM) featuring dynamical electroweak symmetry breaking. Here I summarize the state-of-the-art of the phase diagram for SU (N ) gauge theories with fermionic matter transforming according to arbitrary representations of the underlying gauge group. I critically report on the latest results from first principle lattice simulations and then review the principal models of (near) conformal technicolor such as (Next) Minimal Walking Technicolor (MWT) and Partially Gauged Technicolor (PGT). I finally show that the incarnation of the conformal technicolor model is nothing but the simplest PGT model.
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Background
Models of electroweak symmetry breaking via new strongly interacting theories of technicolor type [1, 2] are gaining momentum. The most updated review on the subject has just appeared [3] while earlier ones are [4, 5] . There is no doubt that the main difficulty in constructing such extensions of the SM is the very limited knowledge about generic strongly interacting theories.
This has led theorists, in the past, to construct models of technicolor resembling ordinary quantum chromodynamics [1, 2] . Unfortunately the simplest version of this type of models are at odds with electroweak precision measurements. New strongly coupled theories with dynamics very different from the one featured by a scaled up version of QCD are needed as summarized in [3] . In this mini-review I summarize first the state-of-the-art of the phase diagram [6, 7, 8] for SU(N) gauge theories and then present the most recent models of dynamical electroweak symmetry breaking [9, 10, 11, 12] .
Phase Diagram
First principle lattice simulations are now capable to investigate the spectrum and the dynamics of various four dimensional gauge theories which are of interest in our pursue of a dynamical origin of the stabilization of the Fermi scale [13, 14, 15] . It is, however, very useful to provide an analytical study of the dynamics and/or spectrum of a generic nonsupersymmetric gauge theory applying, for example, the proposal of the all-order beta function for nonsupersymmetric gauge theories with fermionic matter [6] . This new method constitutes a true step forward with respect to the very rough method based on the truncated Schwinger-Dyson equation (SD) [16, 17, 18] (referred also as the ladder approximation in the literature) or even conjectures such as the Appelquist-Cohen-Schmaltz (ACS) one [19] which makes use of the counting of the thermal degrees of freedom at high and low temperature.
The ACS conjecture is, in fact, unable to constrain the phase diagram for vector-like theories with matter in higher dimensional representations as I have shown in [20] . The ACS conjecture has been tested also for chiral gauge theories [21] . There it was also found that to make definite predictions a stronger requirement is needed [22] .
All-order beta function
Let's start from the proposal of the beta function for nonsupersymmetric SU (N ) gauge theories with fermionic matter [6] . It is written in a form useful for constraining the phase diagram of strongly coupled theories. The form is inspired by the Novikov-Shifman-Vainshtein-Zakharov (NSVZ) beta function for supersymmetric theories [23, 24] and the renormalization scheme coincides with the NSVZ one. We proposed the following form [6] of the beta function:
with
We have also defined 
Free Electric Phase
This is the region of N f for which β 0 is negative and asymptotic freedom is lost. The theory behaves like QED and hence it becomes strongly coupled at 
Coulomb Phase
As we decrease the number of flavors from just below the point where asymptotic freedom is lost one expects a perturbative (in the coupling) zero in the beta function to occur [25] . From the expression proposed above one finds that at the zero of the beta function, barring zeros in the denominator, one must have
The dimension of the chiral condensate is D(ψψ) = 3 − γ which at the IR fixed point value reads
To avoid negative norm states in a conformal field theory one must have D ≥ 1 for non-trivial spinless operators [26, 27, 28] .
Hence the critical number of flavors below which the unitarity bound is violated is
which corresponds to having set γ = 2. The analysis above is similar to the one for supersymmetric gauge theories [29] . The actual size of the conformal window may be smaller than the one presented here which is the bound on the size of the window. The reason being that chiral symmetry breaking could be triggered for a value of γ lower than two.
A value of γ larger than one, still allowed by unitarity, is a welcomed feature when using this window to construct walking technicolor theories [30, 31, 32, 33] . It may allow for the physical value of the mass of the top while avoiding a large violation of flavor changing neutral currents which were investigated in [34] for the minimal walking model.
Conformal Window
I now compare and combine analytical predictions for the conformal window with lattice results [14, 35, 15, 36] . The first exhaustive perturbative analysis relevant to start a systematic study of gauge theories with fermions in any given representation of the SU (N ) on the lattice has just appeared [13] .
Two-index symmetric representation
Two and three colors with two Dirac flavors transforming according to the two index symmetric (2S) representation of the gauge group have been investigated on the lattice respectively in [14] and [35] . For SU (2) the spectrum of the theory [14] has been studied and confronted with the theory with two colors and two Dirac flavors in the fundamental representation. The lattice studies indicate that either the theory is very near an infrared stable fixed point or the fixed point is already reached. These are only preliminary results and more refined investigations are needed (see the section on the Schrödinger's zeros). Nevertheless let's compare them directly with analytical results. According to ladder results we should be below the conformal window but very near conformal [9] . According to the all-order beta function the anomalous dimension of the mass operator, if the IR fixed point is reached, assumes the value:
The all-order beta function shows that one has not yet reached γ equal one and suggests that the SU (2) model is indeed conformal in the infrared if one uses γ = 1 as an indication of when the conformal window ceases to exist.
However, as explained above, the constraint coming from unitarity of the conformal theories allows γ to take even larger values, i.e. up to 2, before loosing conformality. The situation is very intriguing for the SU (3) theory. Recent lattice results [35] suggest that this theory may already have achieved an IR fixed point. Here, as well, more studies are needed. The ladder approximation predicts, however, this theory to be near conformal (i.e. walking) but further away from conformality then the SU (2) theory. If the theory were indeed conformal in the infrared, via the all-order beta function, we predict the anomalous dimension of the fermion condensate to assume the following
The anomalous dimension of the mass operator turns out to be larger than one! This would be quite an important result since large anomalous dimensions are needed when constructing extended technicolor models able to account for the heavy quark masses. In fact the common lore is that the anomalous dimension of the quark operator does not exceed one. If the SU (3) generates an infrared fixed point then the SU (2) would also generate it since fermions screen even more there.
Fundamental representation
The all-order beta function predicts that the conformal window cannot be achieved for a number of flavors less then 8.25 in the fundamental representation of SU (3). This is supported by the latest lattice results [37, 15] . If this theory develops an infrared fixed point we predict the anomalous dimension of the quark mass operator to be:
Amusingly the theories with 12 fundamental flavors in SU (3) and 2 adjoint Dirac flavors in SU (2) (adjoint fermions here correspond to the 2S in this case) have the same anomalous dimension if both develop the infrared fixed point. What is extremely interesting to know is if a fixed point is generated for a number of flavors less then eleven but higher than eight since according to the all-order beta function this corresponds to an anomalous dimension larger than one but still smaller than two.
The phase diagram is summarized in figure 1.
Schrödinger's zeros: Are they physical?
The beta function derived on the lattice using the Schrödinger functional [39, 40, 41, 42] has exactly the same limitations of the 't Hooft beta function.
For example the presence or absence of a zero in these schemes does not demonstrate, per se, the presence or the absence of a physical fixed point.
More information is needed, such as the knowledge of the anomalous dimension of the fermion mass at the fixed point. One can infer the existence of an infrared fixed point by measuring, on the lattice, correlators of gaugeinvariant operator and check if they display power law behaviors. Scaling of certain relevant quantities which can be measured on the lattice were derived in [43] using the implementation of trace anomaly at the effective Lagrangian level. Since we used scaling arguments the results are as general as the ones in [44] . Note that differently from the 't Hooft and the Schrödinger functional case the all-order beta function presented above predicts the anomalous dimensions at the fixed point. These are physical quantities, i.e. independent from the scheme.
Better Models of Technicolor
Having shed light one the phase diagram of strongly coupled theories we are now entitled to investigate possible (near) conformal technicolor models. Oval and round circles denote early lattice studies [38] with fermions in the fundamental representation. Triangles denote the lattice results for fermions in the two index representation. The cross on the ovals denote that the conclusion of the theories already being conformal is in disagreement with the theoretical predictions.
The simplest technicolor model has N T f Dirac fermions in the fundamental representation of SU (N ). These models, when extended to accommodate the fermion masses through the extended technicolor interactions, suffer from large flavor changing neutral currents. This problem is alleviated if the number of flavors is sufficiently large such that the theory is (almost) conformal. This is estimated to happen, for fermion in the fundamental representation, for N T f ∼ 4N [30] . This, in turn, implies a large contribution to the oblique parameter S [45] when all of the flavor symmetries are gauged under the electroweak group. Although near the conformal window [46, 47] the S parameter is reduced due to non-perturbative corrections, it is still too large if the model has a large particle content. In addition, such models may have a large number of pseudo Nambu-Goldstone bosons. By choosing a higher dimensional technicolor representation for the new technifermions one can overcome these problems [9, 45] .
To have a very low S parameter one would ideally have a technicolor theory which with only one doublet breaks dynamically the electroweak symmetry but at the same time being walking (near conformal) to reduce the S parameter. The walking nature then also enhances the scale responsible for the fermion mass generation.
According to the phase diagram exhibited earlier the promising candidate theories with the properties required are either theories with fermions in the adjoint representation or two index symmetric one. The relevant feature, found first in [9] is that the S-type theories can be near conformal already at N T f = 2 when N = 2 or 3. This should be contrasted with theories in which the fermions are in the fundamental representation for which the minimum number of flavors required to reach the conformal window is eight for N = 2. The critical value of flavors increases with the number of colors for the gauge theory with S-type matter: the limiting value is 4.15 at large N .
We refer with minimal theories for which the number of flavors needed to achieve an infrared fixed point is very small compared to the case of matter in the fundamental representation of the gauge group.
Minimal Walking Technicolor (MWT)
The dynamical sector we consider, which underlies the Higgs mechanism, is an SU(2) technicolor gauge theory with two adjoint technifermions [9] .
The theory is asymptotically free if the number of flavors N f is less than 2.75 according to the ladder approximation. The two adjoint fermions are conveniently written as
with a being the adjoint color index of SU (2) . The left handed fields are arranged in three doublets of the SU(2) L weak interactions in the standard fashion. The condensate is Ū U +DD which correctly breaks the electroweak symmetry.
The model as described so far suffers from the Witten topological anomaly. This can be fixed by adding a new weakly charged fermionic doublet which is a technicolor singlet [10] . Schematically:
The low-energy effective theory to be tested at the LHC, the comparison with precision data and a first study of the unitarity of W W longitudinal scattering can be found in [12, 48, 49] . In [50] we discussed the unification issue within this model. Further studies appeared in [51, 52] .
Next to Minimal Walking Technicolor Theory
The theory with three technicolors contains an even number of electroweak doublets, and hence it is not subject to a Witten anomaly. The doublet of technifermions, is then represented again as:
Here C i = 1, 2, 3 is the technicolor index and Q L(R) is a doublet (singlet) with respect to the weak interactions. Since the two-index symmetric representation of SU (3) is complex the flavor symmetry is SU (2) L × SU (2) R × U (1).
Only three Goldstones emerge and are absorbed in the longitudinal components of the weak vector bosons. More information about this theory can be found in [11] .
Partially Gauged Technicolor (PGT)
A small modification of the traditional technicolor approach, which neither involves additional particle species nor more complicated gauge groups, allows constructing several other viable candidates. It consists in letting only one doublet of techniquarks transform non-trivially under the electroweak symmetries with the rest being electroweak singlets, as first suggested in [10] and later also used in [53] .
Still, all techniquarks transform under the technicolor gauge group. Thereby only one techniquark doublet contributes directly to the oblique parameter which is thus kept to a minimum for theories which need more than one family of techniquarks to be quasi-conformal. It is the condensation of that first electroweakly charged family that breaks the electroweak symmetry. We provided in [8] an exhaustive list, given the knowledge about the phase diagram, of the possible underlying gauge theories one can use to construct PGT models. It is obvious that to be phenomenologically viable PGT requires the introduction, by hand, of mass terms for the flavors not gauged under the electroweak symmetry. The simplest model is an SU (N ) gauge theory with a number of flavors in the fundamental representations sufficiently large that the massless theory is (near) conformal.
Conformal Technicolor = PGT
Luty in [44] constructed a model of conformal technicolor [54] using, in practice, the PGT model described above. We repeat once more that the addition of a mass term for the flavors not gauged under the electroweak symmetry is a necessity for any phenomenologically viable PGT model. In fact if the underlying PGT is near conformal the large chiral symmetry group breaks spon-taneously and one must give mass to the phenomenologically unacceptable electroweak neutral Goldstone bosons. If the underlying theory is conformal a mass term must be introduced as well to generate the scale responsible for the breaking the electroweak symmetry in the first place. In [8] we discussed the precision constraints for PGT while the bound of the large anomalous dimensions for the fermion condensate and its impact on the conformal window for nonsupersymmetric theories as well as the generation of a realistic top mass is present below equation (17) of [6] .
Conclusions
I reviewed new ideas, tools and results enabling us to give vital information for plotting the phase diagram for strongly coupled theories. I have also presented, with the help of the phase diagram, prime candidates for dynamical models of electroweak symmetry breaking.
